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according as the coordinates or the external forces XQ , . . are maintained constant. It is easy to see that a similar connection here exists between the functions $Tx a&d £$>x and the corresponding available energies of the system subject to the limitation that equilibrium exists between the system and medium.
The potential g>r or fj^ is the function used by Helmbolte under the name of "free energy". This potential is known as the inner thermodynamie potential by Diiliem while the other potential $>/> or ^rz ig called the total tlicrniodynamical potential.
101.  Tliermodynamic Surfaces.  A function of one or more variables is   not  necessarily   expressible   in  terms   of those variables   by   any symbolic formula,   however complicated,   hence we   are not justified in assuming a priori that a thermodynamic potential is so expressible in terms of the variables which are chosen to define the state of the system.     In a simple system,   where we have only   two independent variables,   and   one   dependent  variable,   namely   the   corresponding thermodynamic potential, we may  take  these as represented by the three rectangular coordinates of a point, and the locus of this point •will be a geometric surface which is called a thermodynamic surface.
Taking a unit mass of a working substance, the surface obtained by taking (v, sf «) as coordinates is known as Cribbs1 fhermodynamic model of the substance, and has been constructed for various actual substances from experimental considerations. Taking x, y, z as the axes of v, s, u respectively, the polar reciprocal with respect to 7/3= 2,3' keeping x constant gives the corresponding (•?;, T, ^y) surface and the reciprocal with respect to &i2+?/2=2£ gives the (p; T, $.p] surface as will be shown later.
The condition .of stability of § 92 also receives a simple geometric interpretation in connection with the (v, s, u) surface. It represents the condition that the surface in the neighbourhood of any point shall be below the tangent at that point, i. e. shall be concave upwards if the axis of u is drawn upwards.
102.  Thermodyuamical potentials  of au Elastic Solid.    In the
theory of elasticity, the state of strain of a body at any point is determined by six components (sx, ^, sx, yx) yy, y,), connected with the three displacements (|, y, g) of the point (x, y, &) by six relations of the forms
On the other hand the state of stress is defined by six components (<fx, <5y, cf£} tx) ttj, t^) so chosen that in any small displacement the work done referred to unit volume of the undeformed body at the point (xf y, 0) is 6xdsx + tiydsy + <5zd&s + txdyx + tvdyy + ffdyz.